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The recently discovered resonance at 125 GeV has properties remarkably close to those of the Standard
Model Higgs boson. We perform model-independent ﬁts of all presently available data. The non-standard
best-ﬁts found in our previous analyses remain favored with respect to the SM ﬁt, mainly but not only
because the γ γ rate remains above the SM prediction.
© 2012 Elsevier B.V. Open access under CC BY license.1. Introduction
New searches for the Higgs boson [1–5] based on 5 fb−1 data
per experiment collected in 2012 by the Large Hadron Collider
(LHC) have been recently presented by the ATLAS [6] and CMS [7]
experiments at CERN. The excess at 125 GeV that was evident al-
ready in the 2011 data has been consistently observed in γ γ , Z Z∗ ,
WW ∗ channels by both experiments. In addition, CMS presented
updated Higgs boson searches also in bb¯ and τ τ¯ channels. As a re-
sult, when combining the 7 TeV and 8 TeV data, both experiments
separately have reached the sensitivity to the SM-like Higgs with a
signiﬁcance of 5σ .
One must make sure that the discovered new resonance is,
indeed, the Higgs boson that induces the electroweak symmetry
breaking and gives masses to both the SM vector bosons and to
fermions. The SM has deﬁnite predictions for the gauge boson and
fermion couplings with the Higgs boson. Those affect both the
Higgs boson production mechanism at the LHC as well as its dom-
inant decay modes. Fortunately for a Higgs boson mass of 125 GeV
the LHC experiments do have sensitivity to test these couplings in
all interesting ﬁnal states γ γ , Z Z∗ , WW ∗ , bb¯ and τ τ¯ , taking into
account different Higgs boson productions mechanisms.
The aim of this Letter is to perform a ﬁt to the available Higgs
boson data in order to determine its preferred couplings to the
SM states as well as to an invisible channel. Our main goal is to
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Open access under CC BY license.study whether the Higgs boson is SM-like or is there any indication
for new physics beyond the SM. The latter possibility is motivated
by numerous multi-Higgs boson, supersymmetric, composite Higgs
boson, dark matter, exotic scalar, etc., models. In the absence of
direct signal of new physics, the Higgs boson couplings might in-
directly indicate a portal to new physics. To achieve this goal we
allow the Higgs boson gauge and Yukawa couplings to be free pa-
rameters and accordingly modify the Higgs tree level couplings
hWW , hZ Z , hf f¯ as well as the loop level processes such as the
Higgs production in gluon–gluon fusion gg → h and Higgs decays
to h → γ γ , gg . We also allow for an invisible branching fraction.
The new LHC data on Higgs boson tree level decays to WW ∗ ,
Z Z∗ are in a better agreement with the SM expectations than the
2011 year data, proving that the observed state indeed participates
in the electroweak symmetry breaking, and is likely the Higgs bo-
son. We recall that the 2011 data indicated a signiﬁcant deﬁcit in
all WW ∗ channels in both LHC experiments. Concerning the loop
induced observables, the excess in h → γ γ observed in the 7 TeV
data, in particular the large excess in exclusive di-jet tagged events,
has decreased in the 8 TeV data. However, the combination of all
data still shows an excess in h → γ γ .
While our ﬁts are in general model independent, we demon-
strate usefulness of our results for constraining new physics be-
yond the SM using some well known models as examples. These
examples show that already in the present stage of accuracy the
LHC data constrains models severely.
In the next section we proceed along the lines of [16] and
brieﬂy present updated results; for technical details of our ﬁtting
procedure and motivations of the scenarios we consider we refer
the gentle reader to our previous paper [16].
470 P.P. Giardino et al. / Physics Letters B 718 (2012) 469–474Fig. 1. Left: assuming mh = 125.5 GeV, we show the measured Higgs boson rates at ATLAS, CMS, CDF, D0 and their average (horizontal gray band at ±1σ ). Here 0 (red line)
corresponds to no Higgs boson, 1 (green line) to the SM Higgs boson. Right: the Higgs boson rate favored at 1σ (dark blue) and 2σ (light blue) in a global SM ﬁt as function
of the Higgs boson mass. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this Letter.)2. Reconstructing the Higgs boson properties
In the left panel of Fig. 1 we summarize all data points [6–15]
together with their 1σ error-bars. Photon data are splitted into two
main categories (with and without jets), along the lines of [16];
more sub-categories have now been published by ATLAS (but only
at the Higgs mass value preferred by ATLAS). While in principle
this allows an improved discrimination between the gluon–gluon
and the other production mechanisms, given that the two main
classes are consistent we stick to the simpliﬁed approach.
The gray band shows the ±1σ range for the average of all
rates1:
Measured Higgs rate
SM prediction
= 1.10± 0.15. (1)
It lies along the SM prediction of 1 (green horizontal line) and
is 7σ away from 0 (red horizontal line). Thus the combination of
all data favors the existence of Higgs boson with a much higher
signiﬁcance than any of the experiments separately.
2.1. Higgs boson mass
In the right panel of Fig. 1 we show our approximated combi-
nation of all Higgs boson data, ﬁnding that the global best-ﬁt for
the Higgs boson mass is
mh =
{
125.2± 0.65 GeV CMS,
126.2± 0.67 GeV ATLAS,
125.5± 0.54 GeV combined.
(2)
The Higgs boson mass values preferred by the two experiments are
compatible, and the uncertainty is so small that in the subsequent
ﬁts we can ﬁx mh to its combined best-ﬁt value.
The analysis proceeds along the lines of our previous work [16]
(for similar older ﬁts see [17]), with the following modiﬁcations:
1) whenever possible we use the central values and the uncer-
tainties on Higgs boson rates as reported by the experiments,
rather than inferring them from published observed and expected
bounds; 2) we take into account uncertainties on the production
1 This is obtained by performing a global ﬁt, where we rescale all Higgs rates by
a common factor with respect to the SM prediction. Given that we neglect correla-
tions among experimental uncertainties, the result is simply the weighted average
of all rates reported by the experiments.cross sections: ±14% for σ(gg → h) and for σ(pp → htt¯), ±3% for
vector boson fusion, and ±5% for σ(pp → V h). Only the ﬁrst un-
certainty is presently signiﬁcant, as illustrated in the left panel of
Fig. 2 where we show the theoretical and the experimental de-
termination of the production cross sections, assuming that the
resonance at 125.5 GeV is the SM Higgs boson.
While we always perform a full global ﬁt, in Fig. 3 we com-
bine the 16 rates into 7 categories according to the ﬁnal state. This
allows to more clearly see the main features in the data; in partic-
ular the average of the γ γ rates is 1.6 ± 0.3 higher than the SM
prediction [18,19], compatibly with the γ γ j j rates.
In Fig. 3 we also show the rates predicted by a few new physics
scenarios. The SM Higgs boson (green horizontal line) gives a ﬁt
of good quality. However, a scalar coupled to the trace of the SM
energy–momentum tensor (and thereby called “dilaton” or “ra-
dion” [20]) gives a ﬁt of overall quality comparable to the SM
Higgs boson: the dilaton ﬁts the enhanced γ γ rates better, but
it predicts a bb¯V rate below the value preferred by experiments.
Allowing for a mixing between the dilaton and the Higgs boson, all
intermediate possibilities give ﬁts of comparable quality, as shown
in the right panel of Fig. 2.
Fig. 3 also shows that even better ﬁts can be achieved by the
non-standard scenarios discussed that we shall discuss in the fol-
lowing.
2.2. Higgs boson branching ratios
In the left panel of Fig. 4 we allow for free values of the rates
that in the SM occur at loop level: h → γ γ and gg → h. The lat-
ter process is related to h → gg by the well known Breit–Wigner
formula
σ(gg → h) Γ (h)mh π
2
8mh
Γ (h → gg)δ(s −m2h), (3)
here written in the relevant narrow-width approximation. As a
consequence we use a common notation BR(h ↔ gg) for those ob-
servables when studying their deviations from the SM predictions.
We see that, like in our previous ﬁt, data favor non-standard values
BR(h ↔ gg)
BR(h ↔ gg)SM ≈ 3/4,
BR(h → γ γ )
BR(h → γ γ )SM ≈ 2. (4)
Their product reproduces the enhancement in the γ γ rates, which
is the main deviation from the SM present in data. The best-ﬁt
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Higgs/dilaton mixing (0 corresponds to pure Higgs boson, and 1 to pure dilaton).
Fig. 3. Predictions for the Higgs boson rates in different scenarios: SM, free branching ratios of loop processes, free couplings, dilaton.region is shown in Fig. 3. It allows for a quite signiﬁcant reduction
of the global χ2, in agreement with our previous analysis [16].
We also see that when we ﬁx BR(h ↔ gg) to the SM value, the
preferred enhancement of BR(h → γ γ ) is about 1.6, as demanded
by the ATLAS and CMS results.
2.3. Higgs boson invisible width
Next, we allow for a Higgs boson invisible width, as motivated
e.g. by models of Dark Matter coupled to the Higgs boson [21]. We
perform two ﬁts.
1. We just add an additional invisible component to the SM Higgs
boson width, ﬁnding that present data imply
BRinv = 0± 0.15, (5)
as seen in the right panel of Fig. 4.2. In addition to the latter we also allow for non-standard values
of h → γ γ and h → gg , ﬁnding a weaker constraint on BRinv,
also shown in the right panel of Fig. 4.
An invisible Higgs boson width also gives unseen missing-energy
signatures, which presently provide less stringent constraints [22]
on Higgs boson properties than do global ﬁts [16,23].
2.4. Higgs boson couplings
Next we extract from data the Higgs boson couplings to vectors
and fermions, in order to test if they agree with the SM pre-
dictions. We recall that the SM predicts a negative interference
between the W -loop and the top-loop contributions to h → γ γ .
In general this rate depends on the relative sign of these two con-
tributions that depends on the relative sign of the gauge and top
Yukawa couplings.
In the left panel of Fig. 5 we assume a common rescaling of the
Higgs boson coupling to the W , Z bosons and a common rescaling
472 P.P. Giardino et al. / Physics Letters B 718 (2012) 469–474Fig. 4. Left: ﬁt for the Higgs boson branching fraction to photons and gluons. The red dashed curve shows the possible effect of extra top partners, such as the stops. Right:
ﬁts for the invisible Higgs boson branching fraction (see Section 2.3 for the model assumptions). (For interpretation of the references to colour in this ﬁgure legend, the
reader is referred to the web version of this Letter.)
Fig. 5. Left: ﬁt of the Higgs boson couplings assuming common rescaling factors a and c with respect to the SM prediction for couplings to vector bosons and fermions,
respectively. Right: ﬁt to the t-quark and to b-quark and τ -lepton Yukawa couplings assuming the SM couplings to gauge bosons. The point marked as ‘SM’ is the Standard
Model; the point marked as ‘FP’ is the fermio-phobic case, and ‘0t’ denotes the top-phobic case.of the Higgs boson couplings to all fermions, denoted by a and c,
respectively. We ﬁnd two preferred solutions, that both allow for
an enhancement of h → γ γ . The ﬁrst solution has the Higgs bo-
son coupling to fermions, thus also to the top and bottom quarks,
reduced with respect to the SM predictions, thereby reducing the
negative interference in h → γ γ and increasing its branching frac-
tion. This solution prefers somewhat enhanced Higgs boson cou-
plings to vectors that enhances also the W -loop contribution to
h → γ γ . The second solution has the Higgs boson coupling to the
top quark with opposite sign with respect to the SM prediction,
thereby making the interference constructive and, again, increas-ing the branching fraction. In this region smaller than SM gauge
couplings are preferred.
While the allowed regions in a are quite large and the SM
prediction a = 1 is well within 90% CL region, the Yukawa cou-
plings show more non-standard behaviour. This is demonstrated
in the right panel of Fig. 5, where we ﬁx the Higgs boson cou-
pling to vectors to the SM value as predicted by gauge invariance
and allow the couplings to fermions, to top quark and to bottom
quark/tau lepton to vary independently. We again ﬁnd the same
two best-ﬁt solutions previously discussed. Notice that for posi-
tive Yukawa couplings one signiﬁcant reduction of all of them is
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Fig. 7. Global ﬁt for the Higgs boson couplings to vectors, to the t-quark, to the b-quark, to the τ -lepton. All these couplings are freely varied and in each panel we show
the χ2 as function of the parameters indicated on the axes, marginalised with respect to all other parameters. We again assume mh = 125.5 GeV and ﬁnd that the best-ﬁt
presently lies somehow away from the SM prediction, indicated in the ﬁgures as ‘SM’.preferred. Yukawa couplings of order 30% of the SM values give as
good ﬁt as the SM itself. Although the purely fermio-phobic Higgs
boson is excluded with high signiﬁcance, the question of the ori-
gin of reduced Yukawa couplings and, consequently, the question
of the new physics contribution to the top/bottom masses remains
open. If the present trends in the LHC data persist, this is one of
the most clear signal of physics beyond the SM.
To demonstrate the usefulness of our ﬁts for constraining mod-
els of new physics we consider two Higgs doublet model of type II
[24], which allows independent for a modiﬁcation of the t cou-
pling, and for a common modiﬁcation of the b and τ couplings,
although one of them is predicted be reduced and the other en-
hanced by the model. We also allow for a modiﬁcation in the Higgs
boson coupling to vectors. The results are presented in Fig. 6 where
we plot our best-ﬁts to the Yukawa couplings together with the
theoretically forbidden regions of the parameter space. One sees
that in this model the negative Yukawa couplings are strongly pre-
ferred. For the case of the SM gauge couplings the positive Yukawa
region is allowed only at 99% CL. This example demonstrates thatmulti-Higgs models may be in diﬃculties to explain present data
and more exotic new physics scenarios must be used.
Finally, in Fig. 7 we allow four Higgs boson couplings, the ones
to gauge bosons, to top quark, to bottom quark and to tau lepton
to vary independently. The global ﬁt shows no preference for non-
standard gauge couplings, we once again ﬁnd the two solutions for
Yukawas. Notice that present data are not sensitive to the Higgs
boson coupling to the τ . While a tau-phobic Higgs boson is still
allowed (and actually mildly favored), present data signiﬁcantly
disfavor the pure fermio-phobic or top-phobic or bottom-phobic
Higgs boson. As before, the top Yukawa coupling is the most con-
strained one and shows signiﬁcant preference for non-standard
values. More data should conﬁrm that new physics beyond the SM
is discovered indirectly due to non-standard Yukawa couplings.
3. Conclusions
The new particle with mass 125.5 ± 0.5 GeV discovered at the
LHC looks like the Higgs boson. We performed a ﬁt to all available
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plings to the W and the Z are in reasonable agreement with the
SM Higgs boson expectations, suggesting that the discovered state
is, indeed, the Higgs boson. However, the excess in γ γ indicates
potential non-standard physics in the loop level process h → γ γ
(see e.g. [25]). Combining all γ γ channels and all experiments,
this enhancement is at the 2.5σ level.
As long as this excess persists, it can be ﬁtted by a non-
standard (possibly negative) Yukawa couplings of the Higgs boson
to the top quark, or explained by new particles contributions to
the loop level process h → γ γ and maybe gg → h. Indeed, allow-
ing for a reduction of gg → h further improves the global ﬁt.
We considered two main classes of scenarios: a) modiﬁed h →
γ γ , gg , which can be obtained by effective operators of the form
HH†F 2μν ; b) modiﬁed Higgs boson couplings to tops and other
fermions, which can be obtained by effective operators of the form
Q UHH†H . In case the anomalies will persist, it will be interest-
ing to explore observables, like σ(gg → htt¯), that can discriminate
among them.
Our general ﬁts were illustrated with some example models.
While models with reduced Yukawa couplings were used to im-
prove the ﬁt, dilaton (or radion) scenarios and two Higgs doublet
model of type II are shown to be well constrained already with the
present data.
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